Objective-To investigate the effects of smoking, alcohol, and caffeine consumption and socioeconomic factors and psychosocial stress on birth weight.
Introduction
Low birth weight remains the most important determinant of perinatal mortality and impaired later development world wide.'2 Psychological and social stress may be related to low birth weight and the consequent risk, as may social disadvantage and the intake of caffeine and alcohol. There is no general agreement, however, about the importance of any of these factors. Extensive reports on the effects of environment on birth weight contain only one almost universal finding-that smokers have smaller babies than non-smokers.' The possible effects of passive smoking are disputed. The plethora of data leaves a confusion of conflicting results and opinions about the influences of these factors on fetal growth and the mechanisms by which they might operate to disturb it. Ensuring that the growth of the fetus is unrestricted is important, and efforts must be made to gain a better understanding of the factors that influence fetal growth in the hope that such understanding may be applied to reduce the associated hazards.
Existing reports on birth weight tend to fall into two broad categories. Firstly, there are those on large studies in which only a few factors have been examined and which have usually used case records and retrospective data. Secondly, there are those on small studies in which more detailed and prospective assessments have been used but which have lower statistical power. We conducted a comprehensive prospective examination of a large number of unselected white pregnant women to try to bridge the gap between these two categories of study.
The purpose of this first report of the study is to give an overview of the main findings and to examine the effects on fetal growth, as assesed by birth weight, of a range of biological, behavioural, and psychosocial factors, concentrating particularly on those subjects in which evidence is lacking or conflicting-for example, the influence of alcohol, caffeine, social factors, and stress. We intend to produce further reports concentrating on particular aspects of the data in depth.
Subjects and methods
The study was conducted at St George's Hospital, a teaching hospital serving as a district general hospital in Wandsworth, an inner London borough. The sample comprised 1860 consecutive white women booking for antenatal care over 20 months. We excluded those who spoke insufficient English, booked after 24 weeks, had insulin dependent diabetes, and had a multiple pregnancy. The target sample size was 1500. This had been calculated as being sufficient to show with high power significant differences between subgroups (as small as 10% of the total) of 180 g. This is about the size of the reported effects of smoking and assumes a standard deviation of 500 g. It gives a reasonable power to examine interactions between smoking and other factors.
Interviews were conducted in a private room by trained research interviewers with a structured questionnaire, which had been tested previously in a pilot study of 130 The same method was used to measure perceived difficulties in overall finances and in affording accommodation, food, heating, and clothing.
We measured social support by asking about frequency of contact with friends, relatives, and neighbours and the availability of a confidant because of reported interactions with stress. Mothers were asked whether they had received any of a range of 13 types of social security benefit and whether they had been in contact with social welfare agencies, that is a social worker, marriage guidance counsellor, or probation officer.
The mother was asked whether the pregnancy had been planned, whether she and her partner were happy about it, whether termination had been considered, whether contraception had been used in the year before conception, whether she had read any books about pregnancy, and whether her employer knew she was pregnant. At 36 weeks she was asked if she had missed any visits to the antenatal clinic.
The women completed an Eysenck personality questionnaire, which comprised "extraversion," "neuroticism," "psychoticism," and "lie" scales, at 17 weeks' gestation.'
Data on smoking and consumption of alcohol and drinks containing caffeine-coffee, tea, cocoa, and cola-were obtained at booking and at 28 Because all the mean adjusted birthweight ratios were close to 10 differences between them were equivalent to percentage differences -for example, the difference between the mean adjusted birthweight ratios 1 -04 and 1 01 is 0-03, which implies that the difference between the two mean birth weights is 3%. Our ratios are presented in the form of the equivalent birth weight for boys born at 40 weeks' gestation to a multiparous mother of average height.
The relations between birthweight ratio and other factors were tested by analysis of variance and regression analysis. The independent effects of the major factors were estimated with multiple regression. Statistical analyses were done with a commercial package (SAS)" and our own software.
We have presented some of the analyses in terms of confidence intervals, which generally are preferable to results of significance tests.'2 Because the number of social and psychological factors studied was so large and because they varied between dichotomous, multilevel, and quantitative data we decided that giving confidence intervals for all these was impracticable for one paper. For this overview of our findings we have therefore presented results for psychological and social variables in the form of means and have given results of significance tests.
Results

RESPONSE
A total of 1860 women were invited to take part in the study. Of these, 1513 (81%) were the subjects of most of the present analysis, having completed at least BMJ VOLUME 298 25 MARCH 1989 1X. the first two interviews. Losses were due to refusal to participate at the outset (136), spontaneous abortion (53), change of address (54), missing data on important biological variables (26) , and missed interviews (56). Women who gave birth to macerated stillbirths (14) and infants with major congenital malformation (eight) were excluded. The number with complete data up to 28 weeks was 1463 and up to 36 weeks 1433, and when appropriate these numbers were used.
BIOLOGICAL VARIABLES
The mean crude birth weight was 3325 g and mean gestational age 39 4 weeks (276 days). When gestational age was adjusted for, the mean birthweight ratio was 1-006. Table I shows the relation between birth weight and important biological variables. The birth weight was greater in babies of women who were older, taller, and of higher parity. Boys were heavier than girls. For subsequent analyses birthweight ratio was adjusted to a maternal height of 160 cm, male baby, and parity of 1, giving a mean (SD) adjusted birthweight ratio of 1037 (0 127). There was no association between birthweight ratio and maternal age (table II) , and thus no further adjustment was made for this factor.
SMOKING, ALCOHOL, AND CAFFEINE
Because smoking is the factor best established as relating to birth weight we examined its effects first (table III) . There was a strong relation between birth weight and smoking (table III) , with a difference in birthweight ratio between non-smokers and smokers of 15 or more cigarettes a day of 7%, equivalent to 241 g at 40 weeks' gestation. For smokers of one to 14 cigarettes a day the difference was 4% (140 g). Among non-smokers passive smoking was associated with a 0-5% reduction in birthweight ratio, but this was not significant. There was no apparent effect of inhalation. No differences were seen among non-smokers between those who had never smoked and those who had given up smoking. The mean (SD) thiocyanate concentration at booking for non-smokers and smokers in the subsample studied was 31-24 (10 70) ,tmol/l (n=96) and 74 07 (27 41) [tmol/l (n=79) respectively, confirming the validity of the data on smoking. This difference was highly significant.
There was a significant trend towards lower birth weight with increasing consumption of alcohol (table IV) ; women consuming 100 g or more in the week before booking interview had a birthweight ratio of 0-039 (4%) less than non-drinkers, equivalent to 137 g at term. Similar and more significant trends were observed with increasing consumption of coffee and tea. Total caffeine consumption derived from coffee, tea, cola, and cocoa was significantly associated was controlled for, but with the growth of the fetus at gestational age, maternal height, parity, and sex of any particular gestational age in relation to that of a baby were all confirmed. The effect of maternal age reference population.
was not important after gestational age and maternal The principal findings of the study were as follows. height and parity were controlled for. After adjustment The known and expected biological influences of for all these biological variables birth weight seemed to BMJ VOLUME 298 25 MARCH 1989 be affected by smoking and the consumption of alcohol, coffee, and tea, and total caffeine. The effect of passive smoking was small and non-significant, and there was no difference in birth weight between those mothers who had never smoked and those who had given up smoking before becoming pregnant. Because smoking had the largest effect and is widely accepted to be a causal factor it seemed reasonable to examine the effect of other consumptions after controlling for smoking. When this was done the effects of coffee, tea, and total caffeine consumption became non-significant and the effect of alcohol became confined to the group who smoked. The effect of smoking, however, could not be explained by either alcohol or caffeine consumption.
Of the large range of psychosocial factors examined, few were found to have a significant effect. Again, it seemed logical to re-examine significant associations after controlling for smoking, and when we did this the effects of all but one (getting on with neighbours) of the social and psychological factors became nonsignificant. Notably, we did not find any significant effects of anxiety or depression, life events, social support, social class, income, or tenure. The effect of smoking was not explained by social class or education.
This study shows again the importance of smoking as a determinant of birth weight. There is a considerable weight of evidence that this is so,3 but in the background has been the possibility that the effect might be primarily related to social class or adversity (smoking being a class related habit '4) or that smokers are in some way physiologically different from non-smokers (the constitutional hypothesis'"). No existing study has entirely answered these points. Our data confirm the overriding importance of smoking and show that in our society, far from merely reflecting more fundamental social disadvantages, smoking is probably the main environmental factor (apart from mother's height) through which the effect of social class on birth weight is mediated. The data oppose the view that the effect of smoking is related to the smoker's constitution as there was no difference in the birth weight of babies whose mothers had given up smoking and those whose mothers had never smoked and there was evidence of a dose related effect of smoking on birth weight, as has been reported in other studies. 6 We cannot, however, completely rule out the possibility that women who gave up smoking or who smoked less than 15 cigarettes a day were a different group ("social" as opposed to "habitual" smokers) from those who smoked 15 or more cigarettes a day. Even if this were the case, however, it is unlikely to have been of much importance in determining birth weight in view of the absence of an effect of so many other social, psychological, and behavioural factors once the effect of smoking was accounted for. We were unable to confirm a recent finding from Denmark that passive smoking impairs fetal growth. '7 The results from the Danish study have been questioned directly by Trichopoulos,'" and it seems from this and other work on passive smoking that misclassification in what was a retrospective study might account for the findings.'9 A later prospective study of 3891 women in the United States found that non-smokers exposed to passive smoking delivered infants with a mean birth weight 23-5 g lighter than infants of women not exposed to passive smoking.20 This finding agrees closely with the 18 g difference observed in the present study.
The potential effect of alcohol is important because of current concerns about alcohol abuse in the general population2' and because previous studies have shown an apparent effect of alcohol on fetal growth.2z We found no evidence, however, for a negative influence of alcohol on birth weight among non-smokers, the adjusted birth weight being if anything marginally increased in non-smoking drinkers. There was, however, a distinct effect of alcohol ingestion on birth weight among smokers, with a significant trend to lower birth weight with increased drinking. This raises the possibility of an interaction between alcohol and the constituents of tobacco smoke, an issue touched on in a study by Wright et al of the effect of drinking on the incidence of low birth weight.23 Kline 
